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© 5-(aryl and heteroary1)-8-<ary1 and heteroaryl)-1^dlhydro-2-oxo 3-pyrtdlnecarboxyllc acids and 
derivatives thereof. 

© This Invention relates to a method of treating bacterial infections with 5-{aryi and heteroaryl)-6-<aryi and 
heteroarylH j2Kflhydro-2^xo-3^yridlnecarboxylic acids and derivatives thereof. TWs invention further relates to 
pharmaceutical compositions that are useful In the treatment of bacterial Infections. 



N 



Q. 
Ul 



Xvok Copy Ctntra 



EP 0 308 020 A2 



5-(ARYL AND HETEROARYL)-6-{ARYL AND HETEROARYL)-1 f 2-DIHYDRO-2-OXO-3-PYRIDINECARBOXYUC 

ACIDS AND DERIVATIVES THEREOF 



BACKGROUND OF THE INVENTION 



5 (a) Field of the Invention 

This invention relates to certain 5-<aryl and heteroaryl)-8-<aryl and heteroarylH .2-dihydro-2-oxo-3- 
pyridinecarboxylic acids and derivatives thereof that are useful in the treatment of bacterial infections. In 
particular, this invention relates to a method of treating bacterial infections with said compounds. This 

to invention further relates to pharmaceutical compositions containing said compounds and to a method of 
treating bacterial infections with said pharmaceutical compositions. 

A multitude of broad-spectrum antibiotics useful in the treatment of both Gram-positive and Gram- 
negative bacterial infections, as well as other microbial infections, are known. However, a continuing need 
for new antibiotics exists. For example, known antibiotics may be effective against only certain strains of 

T5 microorganisms. Furthermore, and perhaps more seriously, continued widespread use can give rise to 
resistant strains of microorganisms against which a particular antibiotic or group of antibiotics was 
previously effective. The compounds of this invention were discovered as part of a search tor new 
antibiotics intended to overcome such problems. 

(b) Prior Art 

Certain 1 ^ihydro-2-oxo-3-pyridinecarboxyfic acid derivatives are known, including various 5.6-diaub- 
stituted derivatives. For example, Adachi. Chem. Pharm. Bull. . 17. 2209-2216 (1989), discloses, inter alia. 
25 the preparation of 5.6-diphenyM >cfihydro-2-oxo-3-pyridinecarboxylate esters but fails to describe any 
biological activity. 

U.S. Patent 3,655379 discloses 5-alkyl-e-phenyl and 6-alkyt-5-phenyl derivatives of 1.2-dihydro-2-oxo- 
3-pyridinecarboxylic acid but does not disclose nor suggest 5,6-diphenyi substitution. Moreover, the '679 
patent discloses only antiinflammatory, antipyretic, and analgesic activities, and fails even to suggest 
30 antibiotic activity. 

Japanese Patent 85-94964 discloses certain 6-aryl-5-<substituted pyridyl) derivatives having activity as 
cardiac stimulants acting on the papillary muscle. The Japanese patent neither discloses nor suggests 
antibacterial activity. 

Honma et al.. Chem. Pharm. Bull.. 30, 4314-4324 (1982), discloses 8-phenyl derivatives of 1.2-dihydro- 

35 2-oxo-3-pyridinecarboxyHc acid that exhibit antiallergy activity. The reference neither discloses nor suggests 
5,6-disubstitution or antibacterial activity. 

U.S. Patents 3,92&366, 3.838.156, and 3338.120 discloses certain 6-(3- or 4-pyridyl) derivatives of 1> 
dihydro-2-oxo-3-pyrldinecarboxylates as intermediates used to prepare antibacterial 2-<substrtuted amino)-3- 
pyridinecarboxytatee. The cited patents neither disclose nor suggest 5,6-cfisubstitution or antibacterial 

40 activity for the 2-oxo intermediates. 

Certain U^ydro-2<«xr>3^yridinecarboxylates for which no biological properties were disclosed have 
also been described. See. for example, Mosti et al., J. Heterocyclic Chem. , 22. 1503-1509 (1985) (5-acyl-S- 
phenyl); Oostveen and van der Plas, Reel Trav."5him. Pays-Bas. 93, 223-238 (1974) (5- or 6-phenyl); and 
Leaver and Vass. J. Chem. Soc., 1629-1636 (1965) (5-carboxy-6<arboxymethyl). The cwnpounds in the 

45 cited references are structurally distinct from the compounds of the present invention. 

Certain other 6-substituted and 6,6-dfsubstituted derivatives of 1 ^-dihydro-2-oxo-3-pyrkfinecarboxylic 
acid have been coupled with various penicillins, cephalosporins, and other such antibiotics. See. for 
example, U.S. Patents 4,315,014, 4.278,681, 4,101.661. 3.954.734, 3.951.982. 3.948,903. 3.946.015. 
3.873.523. and 3,838.120; British Patent 1.464.525; European Application 15.773; Showalter et al.. J. 

so Heterocyclic Chem. . 18, 1609-1612 (1981): and Kaltenbronn et al., J. Antibiotics . 32, 621-625 (1979). The 
cited references, however, describe antibiotic activity for the coupled derivatives and neither disclose nor 
suggest that the pyridinecarboxylate moieties independently have antibiotic properties. Thus, the com- 
pounds of the present invention are both structurally and biologically distinguishable. 
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SUMMARY OF THE INVENTION 

This invention relates to certain 5,6-disubstituted l^«dIhydn>2-oxo-3-pyrkjinecarboxyiic acids and 
derivatives thereof (also referred to as substituted l,2-dihydn>2«oxonicotinic adds) that are useful in the 
5 treatment of bacterial infections. In particular, this invention relates to a method of treating bacterial 
infections with compounds of Formula I. This invention further relates to pharmaceutical compositions 
containing said compounds of Formula I and to a method of treating bacterial infections with said 
pharmaceutical compositions. 




wherein R 1 Is: 
20 a) hydrogen; 

b) Ci-Cs alkyl; 

c) Ci-C« haloaOcyf; 

d) Ca-C« alkenyi; 

e) C*-Cn (cycloaDcyl)alkyl; or 
25 0 C7-C14 araflcyl; 

R a and R 3 are Independently: 

a) aryi having 8, 10. or 14 nuclear ring carbon atoms or said aryl substituted with one or more 
substituents selected from the group consisting of: 
I) halogen: 
30 ii) hydroxy; 

Hi) Ci-C«alkyl; 
iv) Ci-C«alkoxy; 
v) 

ss <0), 



wherein R 5 is Ci-Ck alkyf. and wherein J Is 0, 1, or 2; 

40 v|) ----- 

(0),, 



or a pharmaceuticaily acceptable acid addition salt thereof, wherein R s and R 7 are independently hydrogen 
or Ci-Cs alky I, and wherein k Is 0 or 1; 
so vil) 

— N V 

or a pharmaoeuticalry acceptable acid addition salt thereof, wherein V is CH 2 . O, 8. SO, SO2, or NR 8 , 
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wherein R 8 is hydrogen or Ci-Cs alkyl, and wherein m and n are independently integers of from 1 to 3; 

viii) -O(CH2>pNH 9 R ,0 f or a pharmaceutical acceptable acid addition salt thereof, wherein R* and 
R*° are independently Ci-C« alkyl or taken together are C 2 -C« alkylene. and wherein p is an integer of from 
1 to 6; and 

5 ix) -Y-Ar 1 . wherein Y is absent or Is CH 2 , 0, -OCH 2 -, or S. and wherein Ar 1 is aryl having 6. 10. or 

14 nuclear ring carbon atoms or is heteroaryl having 5 or 8 nuclear ring atoms of which at least one nuclear 
ring atom is 0. S. or N; or 



b) heteroaryl having 5 or 6 nuclear ring atoms of which at least one nuclear ring atom is 0. S, or N, 
jo or said heteroaryl substituted with one or more substituents selected from the group consisting of: 

i) halogen; 

ii) hydroxy; 
ill) Ci-G; alkyl; 
ivJCi-Csalkoxy; 

*5 v) 



20 

wherein R" is &-C« alkyl, and wherein r is 0, 1, or 2; 
vi) 

<°>S 



30 or a pharmaceutical^ acceptable acid addition salt thereof, wherein R 12 and R" are independently 
hydrogen or C<-Cc alkyl, and wherein s is 0 or 1 ; 
vii) 

35 / \ 

„_ — N W 

\ / 



« or a pharmaceuticaily acceptable acid addition salt thereof, wherein W is CH 2 , 0. S. SO. SO2. or NR U , 
wherein R 14 is hydrogen or Ci-C< alkyl, and wherein t and u are independently integers of from 1 to 3; and 
viii) -Z-Ar 2 , wherein Z is absent or is CH a . O f -OCH2-, or S. and wherein Ar 2 is aryl having 8. 10. or 
14 nuclear ring carbon atoms or is heteroaryl having 5 or 6 nuclear ring atoms of which at least one nuclear 
ring atom is 0, S, or N; and 

46 

R 4 is: 

a) hydrogen; 

b) C1-C6 aflcyl; 

c) a pharmaceuticaily acceptable cation; or 
so d) a prodrug ester group. 

The term "Ci -Cs alkyl" refers to straight or branched chain aliphatic hydrocarbon groups having from 1 
to 6 carbon atoms, also referred to as lower alkyl. Examples of C1-C* alkyl are methyl, ethyl, propyl, butyl, 
parity I. hexyi, and the isomeric forms thereof. 
55 The term "Ci-C* haJoalkyl" refers to straight or branched chain alkyl groups having from 1 to 4 carbon 
atoms in which a hydrogen atom is replaced with a halogen atom. Examples of C1-C4 haloalky! are 
halomethyl; 1- and 2-haloethyl; 1-, 2-. and 3-halopropyl; 1-, 2-, 3-. and 4-haJobutyl; and the isomeric forms 
thereof. Examples of halo are fluoro, chloro. bromo. and iodo. 
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The term "C2-C« alkenyl" refers to straight or branched chain hydrocarbon groups having from 2 to 6 
carbon atoms and possessing one carbon-carbon double bond. Examples of C 2 -C« alkenyl are vinyl; aiiyl; 
2- or 3-butenyl; 2-. 3-, or 4-pentenyl; 2-. 3-, 4-, or 5-hexenyt; and isomeric forms thereof. 

The term "Ct-Cn (cyc!oaJkyl)aiky! n refers to straight or branched chain alkyl groups bearing a 
s cycloalkyl group such that the total number of carbon atoms ranges from 4 to 1 1 . As used herein, the term 
"cycloalkyl" refers to saturated monocyclic hydrocarbon groups having from 3 to 7 carbon atoms in the 
ring. Examples of C*-Ct i (cycJoaJkyi)aIkyl are cyclopropylmethyl, 2-cyclopropytethyi, 3-cyclopropylpropyl, 
cyclobutylmethyl, 2<yc(obutytethyi, cyclopentylmethyl. 2-cyclopentylethyl. cyclohexylmethyl, 2-cyciohex- 
ylethyi, cycloheptylmethyl, 2-cycloheptylethyl, and the (ike, and the Isomeric forms thereof. 
io The term "C7-C1* aralkyl" refers to straight or branched chain alkyl groups bearing a phenyl or 
naphthyl group such that the total number of carbon atoms ranges from 7 to 14. Examples of C7-C1* araikyl 
are benzyl, phenethyl, phenylpropyl, (l-naphthyl)methyl, (1«naphthyl)ethy1, (2-naphthyl)methyl t (2-naphthyl)- 
ethyl, and the like, and isomeric forms thereof. 

The term "ary! having 6, 10, or 14 nuclear ring carbon atoms" refers to aromatic hydrocarbon 
16 substttuents having one ring or having two or three fused rings. Examples of such aryl groups are phenyl, 
1 -naphthyl, 2-naphthyl, and various groups derived from anthracene and phenanthrene. 

The term "Ci-Ct alkoxy" refers to straight or branched chain alkyl oxy groups having from 1 to 6 
carbon atoms. Examples of Ci-Cf alkoxy are methoxy, ethoxy. pro poxy, butoxy, pentyloxy, hexytoxy, and 
the isomeric forms thereof. 

20 The term'Ca-Cc alkylene" refers to aliphatic hydrocarbon chains substituted at two different carbon 
atoms. Examples of C*-C« alkenyl are -<CH a )r, -(Crfcb-. -{CHak-. -{CHafc-, -(CH 2 )»-, and -{CHafr-, as well 
as the isomeric forms thereof. As used herein, Ca-Cc alkylene chains are taken with nitrogen atoms to form 

1- azacydoaikyl groups: 1-azacyck>propy1, 1-cryocyclobutyl, 1-azacyclopentyl, 1-azacyctohexyl. and 1- 
azacycloheptyl. 

as The term "heteroaryi" refers to aromatic ring systems having 5 or 6 nuclear ring atoms of which at (east 
one nuclear ring atom is 0, S, or N. Examples of heteroaryi are 1-, 2-, or 3-pyrrofyU t- f 2% or 4-fmldazofyt 

2- or 3-thienyl; 2- or 3-furanyl; 2-, 3- or 4-pyridlnyl; 2- or 4-pyrtmkfinyl; s-tfaztayt ^ 4% s* 54 — aafay i; 3% 
4-, or 5-isothJazolyl; and the like. 

The term 'pharmaceuticaily acceptable acid addition salt* reisers to a salt prepared from a compound of 
so Formula I in which at least one substituted R 2 or R s contains a basic nitrogen atom. Said salts may be 
prepared by contacting such compounds of Formula I with an inorganic or organic acid whose anion is 
generally considered suitable for human consumption or by using other methods known in the art such as 
ion exchange. Examples of pharmaceuticaily acceptable acid addition salts include the acetate, atfpato, 
alginate, aspartate, benzoate. benzenesuifonate. bisutfate, butyrate, citrate, camphorate, camphorsutfonate. 
38 cydopentanepropionate, dpdecylsutfate, enthanesuffbnate, fumarate, glucoheptanoate, gluconate, 
glycerophosphate, heptanoate, hexanoate, hydrochloride, hydrobromide, hydrdodide, 2-hydroxyethanesuh 
fonate, lactate, maleate. maJeate, methanesulfbnate, 2-naphthalenesultonate, nicotinate, pamoate, pectinate, 

3- phenytpropionate, phosphate, pivaiate, propionate, succinate, sulfate, tartrate, thlocyanate, tosyiato, and 
undecanoate salts. 

40 The term "pharmaceuticaily acceptable cation" refers to a positively charged inorganic or organic ion 
that is generally considered suftatote for human consumption. Eumqtm df frtwnuuaaufeaiiy «tui»|.ftiiiH> 
cations are hydrogen, alkali mefci pNum, socfium, and ptftostua& msgnamsxm {U2. aaWan (V2 
Ca* ), amtnonlunv, aiqrtaniroertum., dfeikytsmn wi Tfum , trSsflkytanwnantanii tetnartg^mmonlura, 

diethanoiamWura, tta&anoteninfurn, and guanioTrtfum ions, and proton ated forms of lysine, benzathine, 
45 procaine, and cnoflna, Ceforts may be interchanged by methods known in the art such as ton exchange. 
Where compounds of Formula I are prepared In the carboxylic acid form (that is, where R 4 is hydrogen 
ion), addition of a base form of the cation (such as a hydroxide or a free amine) will yield the appropriate 
cationlc form. 

The term "prodrug ester group" refers to any one of several ester-forming groups that are hydrotyzed 
so under physiological conditions. Examples of prodrug ester groups include pivaioytaxymethyi, acetox- 
y methyl, phthaUdyl, Indanyl. and methoxymethyi, and other such groups known in the art including those 
described in detail in the U.S. Pat No. 4,479.947, which Is incorporated herein by reference. 

Examples of halogen are fluorine, chlorine, bromine, and kxSne. 

Compounds of Formula I in which R* is hydrogen and fai which at least one substituent R 2 or R 3 
55 contains a basic nitrogen atom may form internal safts, or zwfttorious, in sofid forms or in solution. It is 
understood that the structures represented by Formula f are for c on ve ni ence only and that the scope of this 
invention encompasses such zwftterionlc forms. 

it is also understood that the compounds of Formula I may form hydrates or other solvates from the 
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solvents in which they are prepared or from which they are crystallized. These hydrates or other solvates 
W'QlHjJF - " ^ be dehydrat9d or deso,vated "y "eating (for example, at about 70*C to 



DESCRIPTION OF THE INVENTION 

The compounds of this invention may be prepared by methods illustrated in the following Schemes 
Unless otherwise specified, the various subsftuents are defined as for Formula I, above Scheme A 
illustrates the preferred method for preparing compounds of Formula VIII (that is. Formula I in which R' is 
hydrogen). 
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SCHEME A 
r*_CHO 
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R 2 — C— CHjR 3 
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0 CHN(Alky0 2 



II 



III 



IV 



VI 



30 



R 
R 2 



CN 



VII 



VIII 



An aldehyde of Formula II may be converted to the silyloxy nitrile of Formula III by reaction with a 
60 trialkylslrytoyankte, preferably trimethylsilylcyanlde. In a suitabfe solvent and In the presence of a suitable 
catalyst Suitable solvents are liquids, preferably organic liquids, in which the reactants may be dissolved or 
suspended but which are otherwise essentially chemically inert Examples of suitable solvents include 
alkanes and cycloaikanes, ethers and cyclic ethers, such as diethyl ether and tetrahydrofuran; aromatic 
hydrocarbons, such as benzene and toluene; halocarbons. such as chloroform, dichlorometharte, and 
55 ethylene chloride; and other solvents known in the art A preferred solvent is dlchioromethane. Suitable 
catalysts are substances, preferably inorganic salts, that facilitate the conversion of aldehydes of Formula II 
to silylated nftriles of Formula III but which are not permanently' incorporated in the product compounds. A 
preferred catalyst is anhydrous zinc iodide. 
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15 



Silyloxy nitriles of Formula III may be converted to compounds of Formula IV by any of several 
alkylation methods known In the art. A preferred alkylation method involves initial formation of a carbanion 
form of compound III by reaction with a suitable strong base in a suitable organic solvent The carbanion is 
then allowed to react with a compound having the formula FFCHa-X 1 . wherein X 1 is a suitable leaving group 
Suitable strong bases are chemical substances capable of abstracting the active methane hydrogen 
adjacent to the nitrite group of compound III but which do not themselves form significant quantities of 
byproducts by reaction with other chemical reagents or reaction products. Examples of suitable strong 
bases include alkali metal alkoxides. such as sodium methoxide. sodium ethoxide, and potassium t- 
butoxide; alkali metal alkyls, such as n-butyllithium and t-butyllithium; metal hydrides, such as lithium 
hydride, sodium hydride, and potassium hydride; alkali metal amides, such as sodamide and lithium 
diisopropylamide; and other such bases known in the art Suitable organic solvents are organic liquids in 
which the reactants may be dissolved or suspended but which are otherwise essentially chemically inert 
Examples of suitable organic solvents include alkanes and cycloalkanes; ethers and cyclic ethers, such as 
diethyl ether, tetrahydrofuran, tetrahydropyran. dioxane. and the like; aromatic hydrocarbons such as 
benzene and toluene; N.N-disubstituted amides, such as dimethylformamide and dimethylacetamide- N- 
substituted lactams, such as N-methylpyrrolidinone and N-methylpiperidinone; organonrtriles such' as 
acetonrtrile; and other solvents known in the art Suitable leaving groups X 1 are groups sufficiently labile to 
permit the alkylation to occur. Examples of such groups X 1 are halogen, such as bromine, chlorine, and 
•odine; alkanesulfonate and arylsulfonate. such as methanesuifonate and p-toluenesuifonate; and other such 
20 leaving groups known in the art A preferred leaving group X 1 is halogen, preferably chlorine or bromine 

Hydrolysis of silyloxy nitriles of Formula IV in a suitable acidic medium yields ketones of Formula V 
Suitable acidic media for hydrolysis are comprised of suitable strong acids in a mixture of water and a 
suitable organic cosolvent Suitable strong acids include mineral ackte. such as hydrochloric, hydrobromic, 
sulfuric, and phosphoric acids, and the like, and highly dissociated organic acids, such as trifluoroacetic, 
25 methanesulfonic. and p-toluenesulfonic acids, and the tike. For acids normally supplied as aqueous 
solutions, additional water need not be added to the hydrolysis medium. Suitable organic cosoivents are 
water miscible organic Dqulds and may include aJkanols, such as methanol, ethanol, propanol. and the like; 
alkanones, such as acetone, methyl ethyl ketone, and the like; and other such solvents known in the art A 
preferred acidic medium for hydrolysis includes aqueous hydrochloric or sulfuric acid with methanol or 
30 acetone. 

Compounds of Formula V may be converted to enamines of Formula VI by reaction with an acetai of a 
dialkylformamide in a suitable organic solvent A preferred dialkytformamide acetai is dimethylformamide 
dimethyl acetai. Suitable organic solvents are organic liquids, preferably polar organic liquids, in which the 
formation of enamines VI may occur. A preferred organic solvents is dimethylformamide. Although the 

35 reaction occurs at room temperature, the reaction is more conveniently performed at elevated temperatures "' 
preferably between about 50 C and about 90* C. 

Cyclization of enamines of Formula VI using methods known in the art yields pyridone nitriles of 
Formula VII. A preferred cyclization method uses cyanoacetamtde in a suitable organic solvent in the 
presence of a suitable base. Suitable organic solvents are organic liquids In which the reactants may be 

40 dissolved or suspended and in which the cyclization reaction may readily occur but which are otherwise 
essentially chemically inert Suitable organic solvents include N.N-disubstituted amides, such as dimethyl- 
formamide and dimethylacetamide; N-substituted lactams, such as N-methylpyrroiidinone and N-methyl- 
piperidinone; and other solvents known in the art Suitable bases are chemical substances sufficiently basic 
to induce cyclization but which do not themselves form significant quantities of byproducts by undesired 

45 reactions with other chemical reagents or reaction products. Suitable bases include alkali metal carbonates, 
such as lithium, sodium, and potassium carbonate; alkali metal alkoxides. such as sodium methoxide! 
sodium ethoxide, and potassium t-butoxfde: and other bases known in the art. Preferred cyclization 
conditions employ sodium methoxide In dimethylformamide. 

SoivoJysis of nitriles of Formula VII using methods known in the art yields carboxylates of Formula VIII 

so In general, solvolysis may be performed using either acidic or basic conditions. For free carboxytic acids of 
Formula VII wherein R 4 is hydrogen, solvolysis may be performed in aqueous media. Suitable aqueous 
acidic media include mineral acids, such as hydrochloric, hydrobromic and sulfuric acids, preferably at 
temperatures of about 50 C to 100 C; mixtures of mineral acids and alkanoic acids, preferably 
hydrobromic acid in acetic acid; and other such aqueous acidic media known in the art Suitable aqueous 

55 basic media include alkali metal hydroxides, such as lithium, sodium, and potassium hydroxide, in water or 
in aqueous organic solutions, such as aqueous methanol or ethanol. 

For carboxylatB esters of Formula VIII wherein R* is Ci-C* aJkyl, solvolysis may be performed in 
appropriate Ci-Cs alkanols from which water is substantially excluded and to which suitable acids or bases 
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are added. Suitable acids include hydrogen haJides, such as anhydrous hydrogen chloride and hydrogen 
bromide; concentrated sulfuric acid; highly dissociated organic acids, such as trifluoroacetic, methanesul- 
fonic, and p-toiuenesulfonic acids; and other such acids known in the art. Suitable bases include alkali metal 
alkoxkles, "preferably corresponding to the aikano! used as solvent, such as sodium methoxide, sodium 

s ethoxide, and the (ike. Suitable bases may also be generated in situ, for example by adding an alkali metal 
such as sodium or potassium to the aikano! to be used for the solvolysis. 

An alternative method for preparing carboxylate esters of Formula VII wherein R* is Ci-C« alkyl and a 
more general method for preparing compounds VIII wherein R* is a prodrug ester group involves 
esterification of corresponding carboxyilc acids or salts thereof (that is, Formula VIII wherein R 4 is hydrogen 

to or a cation). For example, esters in which R* Is Ci-C* alkyl may be prepared by acid-catalyzed 
esterification using the corresponding Ci-C§ aikanol as solvent, by forming an activated acyl compound, 
such as add chloride, a carbonyl imldazolide, or a mixed anhydride, that is then allowed to react with the 
appropriate Ci-Cc aikanol; or by using any other suitable esteriffcatlon known in the art. Esters in which R* 
is a prodrug ester group may be conveniently prepared using the activated acyl method or other methods 

16 peculiar to a given prodrug ester. 

Pharmaceutical^ acceptable salts of Formula VIII (that is, wherein R* is a pharmaceutical^ acceptable 
cation) may be prepared by any of several methods known in the art The salts may be prepared from 
corresponding free acids (that is, wherein R* Is hydrogen). by_addition of a suitable, base form of the cation 
or by ion exchange. Cation may further by exchanged using Ion exchange methods. Suitable bases include 

20 alkali metal carbonates or hydroxides, such as lithium, sodium, or potassium carbonate or hydroxide; free 
amines; or hydroxide forms of amines, such as quaternary ammonium hydroxides. The preferred method 
depends upon the particular cation selected. 

Scheme B Illustrates a method for preparing compounds of Formula XI (that Is, Formula I wherein R 1 is 
a substituent other than hydrogen) from either nitrilea of Formula VII or carboxylates of Formula VIII. 

25 

SCHEME B 



30 

VXI or VIII 

I 

OR 1 

X 



COOR 4 

XI 




55 

Reaction of compounds VII or VIII with a compound having the formula R'-X? (wherein R 1 Is one of the 
groups defined above but other than hydrogen and wherein X 2 is a suitable leaving group) In a suitable 
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organic solvent and in the presence of a suitable base produces a mixture of N-substituted compounds of 
Formula IX and O-alkylated compounds of Formula X (wherein E represents the appropriate group CN or 
COOR*). Suitabie leaving groups are groups sufficiently labile to permit the reaction to proceed. 
Examples of such groups X 2 are halogen, such as bromine, chlorine, and iodine: alkanesulfbnate or 

5 arylsurfonate. such as methanesulfonate and p-toluenesuHonate; and other such leaving groups known in the 
art. A preferred leaving group X 2 is a halogen. Where R f is Ct-C* haioalkyl, conditions may be selected so 
that only one halogen group reacts. Suitable organic solvents include N.N-disubstituted amides, such as 
dimethylformamide and dimethylacetamide; N-substituted lactams, such as N-methytpyrrolidinone and N- 
methylpiperidinone; halocarbons, such as chloroform and dichloromethane; dialkylsutfoxides. such as 

10 dimethyteulfoxide; onganonitriles, such as acetonitrife; and other solvents known in the art Preferred organic 
solvents are dimethylformamide and acetonitrife. Suitable bases are chemical substances sufficiently basic 
to promote the reaction and to prevent buildup of acidity but which do not themselves form significant 
quantities of byproducts by reacting with other chemical reagents or reaction products. Suitable bases 
include alkali metal carbonates, such as lithium, sodium, and potassium carbonate; other substantially 

15 dissociated metal carbonates, such as cesium carbonate; alkali metal alkoxides. such as sodium methoxide, 
sodium ethoxide. and potassium t-butoxide; alkali metal hydrides, such as sodium and potassium hydrides; 
and other such bases known in the art Preferred bases include potassium carbonate, cesium carbonate, 

and sodjum hydride. w . . ^ - - — 

The Substituted carboxylates of Formula & (that is, wherein E is COOR 4 ) may be separated from the 

20 corresponding O- substituted compounds X and, if desired, may subsequently be converted by methods 
discussed above to other compounds within the scope of Formula XI (that is. Formula I wherein R* is a 
substituent other than hydrogen). 

The N-substituted nitriles of Formula IX (wherein E is CN) may also be separated from corresponding 
O-substrtuted compounds X and then converted to carboxylates of Formula XI using methods described 

25 above (see Scheme A) for converting nitriles of Formula VII to carboxylates of Formula VIII. The initially 
formed compounds XI may then be converted to other compounds within the scope of Formula XI (that is. 
Formula I wherein R 1 is a substituent other than hydrogen). 

Certain functional groups within substituents R 3 and R 3 may be further manipulated. For example, 
thioether groups may be oxidized to corresponding sulfoxides and sulfones, preferably using a peroxycar- 

30 boxy lie acid such as m-ch!oroperoxy benzoic acid or p-nitroperoxy benzoic acid. Careful control of the 
oxidizing conditions permits preparation of sulfoxides without significant further oxidation to corresponding 
sulfones. Preferred conditions for preparing sulfoxides include using an approximately equJmolar quantity of 
the peroxycarboxylic acid in a suitabie organic solvent such as chtoroform or dichloromethane. Oxidation 
may be quenched, if desired, by adding aqueous sodium thiosuifate. 

36 Sulfones may be prepared by either of two general methods. First oxidation may be performed as - 

described above except that at least a two-fold molar quantity of peroxycarboxylic acid is used. Alter* 
natively, isolated sulfoxides may be further oxidized using oxidations essentially identical to those described 
for making sulfoxides from the thioethers. 

Tertiary amino groups may similarly be converted to corresponding amine N-oxides. 

40 Various aromatic ether groups may be converted to corresponding alcohois"using methods known in the 
art For example, ether groups may be cleaved under acidic conditions. Preferred conditions employ 
hydrobromic acid, either alone or in combination with acetic add. Where the ether is a benzylic ether, the 
ether may alternatively be cleaved by hydrogenation over a catalyst such as palladium. 

For the various oxidations and ether cleavages described above, compounds in which R 4 is hydrogen 

45 (or salts thereof) are preferably converted to corresponding esters, preferably methyl esters. Upon 
completion of the desired functional group changes, the ester group may be removed using sotvolytic 
methods known in the art 

The preferred embodiments of this Invention are methods and pharmaceutical compositions that 
employ compounds of the following general formula: 



50 



55 




XII 
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wherein R 1 is defined as above for Formula I; wherein R 2 is phenyl substituted with one or more 
substituents defined as above for Formula I, or is (thtenyl)thJeny(; wherein R 3 is phenyl substituted with 
halogen, hydroxy, Ci«C« alkoxy, or benzyloxy. or is pyridinyl; and wherein R* is hydrogen or Ci-C« alkyl. 
More preferred embodiments of this invention employ compounds of the following general formula: 



O 



10 




19 wherein R 1 Is hydrogen, methyl, alryl, cydopropylmethyl, or benzyl; wherein R 2 is phenyl substituted with 
one or more of fluorine, methoxy, methylthlo, methylsutfinyl, methylsulfonyt. dimethylamino or the N-oxide 
thereof, 

-w 



25 



30 



35 



(wherein V is CH 2 , 0, or NCHa), diethylaminoethoxy. or (2-pyrldlnyl)thio. or Is 5-(2-thlenyl)-2-thieny1; and 
wherein R 3 Is phenyl substituted with fluorine, hydroxy, methoxy, or benzyloxy, or is 4-pyrkflrryi. 

The compounds of the present invention exhibited antibacterial activity against various Gram-positive 
and Gram-negative bacteria. Representative pathogens that are sensitive to the antibacterial agents of this 
Invention include various species of the following organisms: Staphylococcus , Streptococcus, Proteus, 
Escherichia , and Klebsiella. The antibacterial activities of the compounds illustrated In the Examples were 
tested by trie following method. 

Agar Diffusion Assay for Antibacterial Activity 

A stock solution of each test compound was prepared at a concentration of 1.28 mg/ml using sterile 
distilled water. After initial solubilization, two-fold dilutions were prepared and added as one-ml portions to 
15 x 100 mm petri plates. A nlne-ml portion of trypticase soy agar (TSA) was melted and added to each 
plate. The test compound and agar were mixed and allowed to cool. Final concentrations of compounds 
was 128 iig/ml and lower, according to the dilutions used. Controls were prepared using norfloxacin, 
40 coumermycin A-1, or novobiocin, and solvent 

Each plate was inoculated using a multipoint inoculator with 10* cotony-forming units (cfu) of the 
appropriate bacterium. Each bacterium was stored at -70* C before use and cultured in trypticase soy broth 
(TSB) at 35* C for 18 hours. The cultures, containing «l 10* cfu/ml, were diluted as necessary with TSB to 
provide concentrations of 10* cfu/inoculation spot The test plates were then incubated at 35 C for 20 
48 hours. Minimum inhibitory concentrations (MIC) for each compound was the lowest concentration that 
allowed no growth, a barely visible haze, of five or fewer discrete colonies. Results are listed in Table VI 
(see Example 56). 

The compounds and pharmaceutical compositions of the present invention are valuable antibacterial 
agents active against various Gram-positive and Gram-negative bacteria and accordingly find utility in 
50 human and veterinary medicine. The antibacterials of this invention are not limited to utility as medica- 
ments; they may be used In ail manner of industry, for example, as additives to animal feed, as 
preservatives of food, as disinfectants, and in other Industrial systems where control of bacterial growth Is 
desired. For example, they may be employed In aqueous compositions In concentrations ranging from 0.1 
to 100 parts of antibiotic per million parts of solution in order to destroy or inhibit the growth of harmful 
bacteria on medical and dental equipment and as bactericides in industrial applications, for example in 
waterbased paints and in white water of paper mills to inhibit the growth of harmful bacteria. 

Regardless of the route of administration selected, pharmaceutlcally effective amounts of the com- 
pounds of the present invention are formulated Into pharmaceutically acceptable dosage forms by conven- 



es 
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tional methods known to those skilled in me art The compounds may also be formulated using pharmaceu- 
ticaliy acceptable acid or base addition salts where appropriate. Moreover, the compounds or their salts 
may be used in a suitable hydrated form. The compounds of this invention may be used in any of a variety 
of pharmaceutical preparations. The compounds may be administered in such oral dosage forms as tablets, 
s capsules, pills, powders, granules, elixirs, or syrups. The compounds may also be administered in- 
travascularly, intraperitonealry, subcutaneousty, intramuscularly, or topically using forms known to the 
pharmaceutical art 

Compositions for injection, a preferred route of delivery, may be prepared in unit dosage form or in 
multidose containers. The compositions may take such forms as suspensions, solutions, or emulsions in 
io oily or aqueous ver-icles. and may contain formulatory agents. Alternatively, the active ingredient may be in 
powder form for reconstitutfon at the time of delivery with a suitable vehicle, such as sterile water. Topical 
applications may be formulated in hydrophobic or hydrophilic bases as ointments, creams, lotions, paints, 
or powders. 

For the orally administered pharmaceutical compositions and methods of the present invention, the 

is foregoing active ingredients will typically be administered in admixture with suitable pharmaceutical 
diluents, exeiptents, or carriers (collectively referred to herein as "carrier" materials) suitably selected with 
respect to the intended form of administration, that is. oral tablets, capsules, elixirs, syrups, and the like, 
>: fpd consistent wtii ^ practices. For example, for oral administration ir. the form r 3 

of tablets or capsules, the active drug components may be combined with any oral non-toxic pharmaceutic 

20 cally acceptable inert carrier such as lactose, starch, sucrose, cellulose, magnesium stearate, dicatetum 
phosphate, calcium sulfate, mannttol, and the tike, or various combinations thereof; for oral administration in 
liquid form, the active drug components may be combined with any oral non-toxic pharmaceutical^ 
acceptable inert carrier such as water, saline, ethanol, polyethylene glycol, propylene glycol, com oil, 
cottonseed oil, peanut oil. sesame oil, benzyl alcohol, various buffers, and the like, or various combinations 

25 thereof. Moreover, when desired or necessary, suitable binders, lubricants, disintegrating agents, and 
coloring agents can also be incorporated in the mixture. Suitable binders include starch, gelatine, natural 
sugars, com sweeteners, natural and synthetic gums such as acacia, sodium alginate, carboxymethylcel- 
lulose, polyethylene glycol, and waxes, or combinations thereof. Lubricants for use in these dosage forms 
include boric acid, sodium benzoate, sodium acetate, sodium chloride, and the like, or combinations thereof. 

30 Disintegrators include without limitation, starch, methyteellutose. agar, bentonite, guar gum. and the like, or 
combinations thereof. Sweetening and flavoring agents and preservatives can also be included where 
appropriate. 

The dosage to be administered depends to a large extent upon the condition and size of the subject 
being treated as well as the route and frequency of administration, the parenteral route by injection being 

as preferred for generalized infections. Such matters, however, are left to the routine discretion of the therapist 
according to the principles of treatment well known in the antibacterial art In general, a daily dosage 
consists of from about S to about 50 mg of active ingredient per kg of body weight of the subject in one or 
more treatments per day. A preferred daily dosage for adult humans lies in the range of from about 5 to 30 
mg of active ingredient per kg of body weight Another factor influencing the precise dosage regimen, apart _ 

40 from the nature of the infection and peculiar identity of the individual being treated, is the molecular weight 
of the chosen species of this invention. 

The compositions for human delivery per unit dosage, whether liquid or solid, may contain from 0.1% to 
99% of active material, the preferred range being from about 10-60%. The composition will generally 
contain from about 15 mg to about 1500 mg of the active Ingredient; however, in general, it is preferable to 

45 employ a dosage amount in the range of from about 250 mg to 1000 mg. In parenteral administration, the 
unit dosage is usually the pure compound of Formula I in sterile water solution or in the form of a soluble 
powder intended for such a solution. 

The preferred method of administration of the antibacterial agent of Formula I is parenteral by i.v. 
infusion, i.v. bolus, or ijn. injection. 

so For adults. 5-30 mg of Formula I antibacterial per kg of body weight given 2, 3. or 4 times per day is 
preferred. Preferred dosage is 250 mg to 1000 mg of the antibacterial agent of Formula I given two (bJ.d.), 
three (ti.d.). or four (q.Ld.) times per day. More specifically, for mild infections, particularly of the urinary 
tract, a dose of 250 mg ti.d. or q j.d. is recommended. For moderate infections against highly susceptible 
gram positive and gram negative organisms, a dose of 500 mg tJ.d. or q j.d. is recommended. For severe. 
* 55 life-threatening infections against organisms at the upper limits of sensitivity to the antibiotic, a dose of 1000 
mg ti.d. or q.Ld. is recommended. 

For children, a dose of 5-25 mg/kg of body weight given 2. 3. or 4 times per day is preferred: a dose of 
10 mg/kg t\A. or q.i.d. is usually recommended. 
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The following examples further illustrate details for the preparation of the compounds of this invention. 
The invention, which is set forth in the foregoing disclosure, Is not to be construed or limited either in spirit 
or in scope by these examples. Those skilled in the art will readily understand that known variations in the 
conditions and processes of the following preparative procedures can be used to prepare these compounds. 
All temperatures are degrees Celsius unless otherwise noted. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



To a solution of p-cflmethylaminobenzaJdehyde (1.49 g, 10 mmole) and anhydrous zinc iodide (ca. 100 
mg) in dichloromethane (20 ml) is added trimethylsilylcyanide (1.40 ml, 10.5 mmole). The reaction is stirred 
under an inert atmosphere at room temperature for 20 hours. The reaction is then concentrated and the 
residue taken up In anhydrous diethyl ether, slurried with anhydrous magnesium sulfate, and filtered. 
Concentration of the filtrate affords crtrin*ethylsilyloxy-<4^lmem^^ (2.46 g), m.p. 57- 

59-. 

A solution of the nttrile (10 mmole) in tetrahydrofuran (10 ml) is added via cannula to a cold (-60 ) 
solution of lithium diisopropyiamide (10 mmole) in tetrahydrofuran (10 ml). The resulting suspension is 
stirred in the cold for 30 minutes. A solution of p-fluorobenzyl bromide (2.0 g, 10.5 mmole) in 
tetrahydrofuran (5 ml) is then added via cannula. The cooling bath is removed and the reaction mixture 
stirred for two hours. A saturated aqueous solution of ammonium chloride (25 ml) is then added, followed 
by diethyl ether (50 ml). The organic phase is separated and washed with ammonium chloride solution, 
dried over sodium sulfeterfiltered, and concentrated to afford 2-(4Kfimemylamlnopheny1h3^4-fluorophenyi)- 
2-trimethylslloxypropionitrlle. 

The crude nttrile is taken up in methanol (15 ml) and 1M sulfuric acid (20 ml) and stirred at room 
temperature for 16 hours. The pH is adjusted to 7.5 with 2M sodium hydroxide, followed by extraction with 
dichloromethane. After drying and concentration of the extracts, the title compound is Isolated as a light 
yellow solid (1.57 g), mjp. 149-150* . Structure assignment is confirmed by nmr spectroscopy, 
nmr (CDCIs): « (ppm) 3.05 (s); 4.16 (s); 6.65 (d); 6.97 (t); 7.22 (dd); 7.91 (d) 



HAryl and heteroaryl>2-(aryi and heteroaryQ-1 -ethanones 

The compounds listed in Table I are prepared by the method described in Example 1 using appropriate 
aldehydes and arylmethyl or heteroaryimethyl halides. Melting points (*C) are listed to the right of each 
structure. Nuclear magnetic resonance (nmr) data (obtained in CDCIj) are presented below the appropriate 
structure. 

Where the 2-trlmethylsilyloxypropionitrile derivative Intermediates are insoluble In the methanol-sulfuric 



EXAMPLE 1 



1 «(4-Dimethyiamlnophenyl)-2-(4-fiuorophenyi)-1 -ethanone 




EXAMPLES 2-14 
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aad mixture, the following alternative method is used: The crude 2-trimethylsilyloxypropionHrile derivative 
(10 mmole) is dissolved in acetone (100 ml). Sulfuric acid (1M. 12.5 ml) or hydrochloric acid (12M. 1 ml) is 
added and the reaction is stirred 16-20 hours at room temperature. The acetone is removed in vacuo water 
is added, and the pH is adjusted to 7-8. The product ketone is then isolated as described in Sample 1. 

TABLE I 



Example Compound ra.p. (*C) 



130-132" 



8 (ppm) 3 . 04 ( 8 ) ;~3 *-78 ( s ) ; 4v42(s-)*=6. 64(d) ; 
6.84(d); 7.2(d); 7.92(d) 



(CH,) 2 N— 4 >-C-CH 2 -£ >-OCH3 



6 (ppm) 3.00(s); 3.02(b); 3.08(b); 3.09(b); 
3.90(b); 4.14(8); 6.66-6.92(m); 
7.2(d);7.58-7.78(m) 



F 

'~C5*" s ' cH2 "0" ( 



106-108' 

(CHafeN— L y}—C CHj-< s >— OCH 3 



6 (ppm) 3.02(8); 3.79(e); 4.15(d); 6.25(dd); 

6.47(dd); 6.85(d); 7.2(d); 7.83(t) 
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6 (ppm) 3.90(d); 4.24(s); 6.92-7. Km) ; 
7.22(m); 8.0(d) 



/— =\ ° /=\ 132-134° 

CH,S — ( V-C-CH 2 - 




6 (ppm) 2.56(8); 4.25(8); 7.03(t); 7.2- 
7.33(m); 7.93(d) 



__ o 

6 (ppm) 3.80(8); 4.23(8); 6.88(d); 7.1- 

7.24(m); 7.58(d); 7.98(d); 8.5(br d) 



101-103° 



o /—v 118-120 

CH,0— /V-C 



6 (ppm) 3.86(8); 4.20(8); 5.06(8); 6.94(d); 
7.20(d); 7.3-7.5(m); 8.0(d) 
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6 (ppm) 3.80(s); 4.11(6); 6.87(d); 7.05(dd); 
7.16(d); 7.2-7.35(m); 7.65(d) 



10 f O 80-81* 

(CH 9 CH a )aN(CH2) 2 0— I V- C-CHj-/ \-0-CH a -/ \ 

6 (ppm) l.l(t); 2.68(q); 2.92(t); 4.14(t); 

- 4.^0(8); . -5.07,(s); ..6.96(d); J7*,2(.dU_„ 

7.32-7.5(m); 8.0(d) 



ii y-v ? /— \ l88 "" 1 

6 (ppm) 3.08(s); 4.2(s); 6.66(d); 7.24(d); 
7.90(d); 8.52(d) 



6 (ppn) 2.40(8); 2.6(t); 3.44(t); 4.20(s); 

6.90(d); 6. 96-7. Km); 7.2-7.3(m); 
7.95(d) 
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13 



O~0"~ s,cH2 




10 



15 



20 



5 (ppm) 3.44<t); 3.88(t); 4.22(s); 6.9(d); 

6.98-7.2(m); 7.2-7.3(m); 7.96(d) 



6 (ppm) 2.40(8); 2.6(t); 3.44(t); 4.20(b); 

: _ 6.90(d); 6.96-7^UmU 7.2-7. 3(m); 

7.95(d) 




25 



30 



EXAMPLE 1S 

6-r4^Dimethylamino)phen^^ 

O 

40 OCH, 

A solution of 1-(4niimethylamirK>phenyl)^^ (1.0 g, 3.7 mmole; see Exam- 

pie 2) and N,N-dlmethylformamWe dimethyl acetat {2.0 ml. 14.8 mmole) In dimethytfbrmamide (20 ml) Is 

M heated at 75* for 20 hours. The reaction mixture Is then concentrated to an oil that is dissolved In 
dlmethylformamlde (20 ml). To the resulting solution Is added cyanoacetamide (0.345 g. 4.1 mmole) and 
methanol (0.34 ml, 8.2 mmole). This solution Is added dropwise to a slurry of sodium hydride (0.20 g, &3 
mmole) In dlmethylformamlde (5 ml). After the addition is completed, the reaction mixture is heated at 95 
for four hours. After cooling to room temperature, the reaction mixture is poured Into 0.5M sodium 

. n dihydrogen phosphate solution (125 ml). The solid is recovered by filtration and dried, then washed with 
diethyl ether to give the title compound (0.905 g), m.p. 273-278*. Structure assignment Is confirmed by 
nmr spectroscopy. 

nmr (CDCU): a (ppm) 3.0(s); 3.82(3); 8.59(d); 8.82(d); 7.03(d); 7.12(d); 8.84<s) 




EXAMPLES 18-28 
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5-(Aryl and heteroaryl)-6-(afyl and heteroafyl)-1 t 2<iihydro>2'Oxo-3-pyridinenitrites 

The compounds listed in Table II are prepared by the method described in Example 15 using 
appropriate ketone intermediates. Melting points < - C) are listed to the right of each structure. Nuclear 
magnetic resonance (nmr) data (obtained in CDCI 3 ) are presented below the appropriate structure. 

TABLE II 
o 



Example R 2 S 3 n>.p. CO 



16 278-281° 

(CH3) 2 N- 





6 (ppm) 3.0(s>; 6.62(d); 6.95-7.2(m); 
7.94(s) 



17 F 264-266° 

(CHsJaN- 



r 



6 (ppm) 2.94(pair s); 3.8(s); 6.7-7.1(m); 
7.97(8) 



18 / 262-264° 



r 



6 (ppm) 3.0(a); 3.84(8); 6. 22-6. 42 (pair dd) 
6.82(d); 6. 90-7. Km + d); 7.92(e) 
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s 



TO 



»6 



SO 



28 



30 



19 272-274° 
CH3O- 



20 



21 



22 



23 





6 (ppm) 3.90(8); 6.92(d); 7.04(d); 7.05- 
7,l2(m); 7.26(d); 7.96(s) 



CH3S 





6 (ppm) 2.50(8); 6.95-7.14(m); 7.22(s); 

„. 7.-92-(-8-^- — — 



6 <ppm) 3.82(8); 6.82(d); 6.98(d) 7.08- 

7.2(m); 7.32(d); 7.51(d); 7.64(t); 

7.95(8); 8.47(d) 



6 (ppm) 3.84(8); 5.07(8); 6.92-7 . 05(m) ; 

7.26(d); 7.32-7.5(m); 7.92(a) 



6 (ppm) 3.88(a); 6.92-7.30(m); 7.73(d); 
so 7.81(8) 



271-272' 



240-243° 



223-226° 



251-253° 
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24 



10 



<O<3CH 2 ) 2 N(CH 2 ) 2 0HQ_ O" ch,0 ""O"" 

6 (ppm) 1.18(t); 2.80(br t); 3.03(bt t); 

4.18(br t); 5.06(8); 6.8-7.05(m); 
7.24(d); 7.3-7.5(ra); 7.91(a) 



25 275-277° 
19 (CH 3 )2N-^^-- <deC,> 

5 (ppm) 3.0 3(a); 6.6(d); 7.1(br); 7.15(d); .. 

~ 7.88(8); 8.55(br) 




N 



26 



6 (ppm) 1.66(br s); 2.30(br s); 6.80(d); 
6.9-7.2(m); 7.85(a) 




6 (ppm) 3.3(br t); 3.89(bc t); 6.84(d); 

6.96-7.18(m); 7.24(d); 8.92(a) 



^28 149-152- 




6 (ppm) 2.36(s); 2.60(br t); 3.36(br t); 
6.80(d); 
7.88(a) 



50 6.80(d); 6.92-7. 12(m); 7.18(d); 



65 

EXAMPLE 29 
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6K4-(Dimethy lamino)pheny!H ,2<nhydfO-5-(4^ethoxyphenyl)-2^o^pyridinecarfaoxylic acid 




ts The tffle nitrite of Example 15 (3.0 g) is heated at 120* in 6M sulfuric acid (30 ml) for 17 hours. After 
cooling to room temperature, the reaction is poured Into ice water (300 ml) and the pH is adjusted to ca. 5. 
The solid is collected by filtration and briefly air dried. It Is then washed with diethyl ether-methanol (9:1), 
..followed-by acetonitrile. The solid is air dried to give the pure title compound (2.65 g). m.p. 273-277 (dea). - 
Structure assignment is confirmed by nmr spectroscopy. 

20 nmr {(CDjhSO): * (ppm) 2.85(s); 3.75<s); 6.81(d); 8.88(d); 7.1(d); 7.16(d); 8.15(s) 



EXAMPLE 30 



25 



fr[4-Pimethylamino)phenylH t 2^ add* Method A 



30 




OH 



The title carboxylic acid of Example 28 (2.6 g) is dissolved in 48% hydrobromte acid (100 ml). The 
solution is purged with nitrogen for 15 minutes and then heated under nitrogen at 90 for 18 hours. After 
cooling to room temperature the reaction is added to 50% sodium hydroxide (47 ml) and tee (300 g). The 
resulting solution is treated with charcoal and filtered, and the pH of the filtrate is adjusted to 4 with acetic 
46 acid. The precipitated product is filtered, washed sequentially with water and diethyl ether-methanol (9:1). 
and dried to afford the title compound (2.47 g), m.p. >250 # . Structure assignment is confirmed by nmr 
spectroscopy. 

nmr ((CDsfcSO): 5 (ppm) 2.98(s): 6.84(d); 6.70(d); 6.98(d); 7.14(d); 8.17(s); 9.50(8) 

50 

EXAMPLE 31 



55 
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6H4-Dimethylamino)phenylH^ acjdi Method B 

The title nitrile of Example 15 (1.08 g) is heated in a mixture of 48% hydrobromic acid (10 ml) and 30% 
hydrogen bromide in acetic acid (10 ml) at 110* for 17 hours. After cooling, the reaction mixture is added 
5 to 50% sodium hydroxide (12 ml) and ice (50 g). The homogeneous solution that is obtained after the 
further addition of sodium hydroxide is treated with charcoal and filtered. The pH of the filtrate is adjusted to 
5, and the solids are collected by filtration and washed with water. The solids are washed further with 
acetonitrile containing a small quantity methanol and then with pure acetonitrile. The title compound is 
obtained as a solid 0.964 g). 



EXAMPLE 32 



5-(4-Fluoropheny l)-1 ^ihydro^t^methoxyphenyl^^xo-S'pyridinecarboxyKc acid 



O 



25 




30 A solution of 5-{4-fluorophenylH.2<Hhydn>^4-meth^^ (0.250 g; see 

Example 19) In a mixture of ethanol (5 ml), water (5 ml), and 50% sodium hydroxide (3 ml) is heated at 90* 
for 48 hours, after which time evolution of ammonia ceases. After cooling, the reaction solution is added to 
a mixture of water (50 ml) and 12M hydrochloric acid (7 ml). The resulting precipitate is stirred vigorously 
for 45 minutes at 50*. The solid is collected by filtration, washed several times with water, and dried to 

35 yield the title compound (0.220 g), m.p. 275-277* (dec.). Structure assignment is confirmed by nmr 
spectroscopy. 

nmr (CDCb): 3.88(s); 8.90(d); 7.02(d); 7.08-7.2(m); 7.14(d); 8.8(s) 



EXAMPLES 33-44 



5-(Aryl and heteroaryl)-6-(aryl and heteroarylh1^ihydrch2-oxo-3-pyridir»carboxyBc adds 
45 

The compounds listed in Table III are prepared by the methods described in Examples 29-32 using 
appropriate nitrile intermediates. Melting points ('Q are listed to the right of each structure. Nuclear 
magnetic resonance (nmr) data (obtained in CDCfe unless otherwise noted) are presented below the 
appropriate structure. 

so 
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TABLE III 




33 B /-\ 267-270' 

6 (ppm) 3.04(8); 6.64(d); 7.01(t); 7.1- 
7.24(m); 8.53(8) 
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34 



F 



280-283" 

(CH 3 ) 2 N-^ )— HO-T~\- (dec.) 



S (ppm) <(CD 3 ) 2 SO) 2.85(6); 6.70(d); 

6.77-7.2(in); 7.28(br s); 8.2(s); 
9.55(8) 



35 / _ 280-282° 

(CHa) 2 N-{>— HO-C\- (dec.) 



6 (ppm) 3.04(8); 3.06(8); 6.35(d); 6.7- 
7.2(m); 8.58(8) 




>350» 



5 (ppm) 2.5(s); 6.9-7. 2(ra); 8.6(s) 




282-284* 
(dec.) 



6 (ppm) ((CD 3 ) 2 SO) 6.68(d); 6.94(d); 

7.0(d); 7.24(br t); 7.38(d); -X. 56(d); 

7.72(br t); 8.3(8); 8.45(br d); 
9.52(bc s) 



24 



EP 0 308 020 A2 



38 



>350' 




6 (ppm) 3.88(s); 5.1(6); 6.73(br d); 

7.08(br d); 7.2-7.5(m); 8.74(b) 



39 280-282 # 

8 (ppm) ((CD 3 ) 2 SO) 6.8(d); 7.02-7.16(m); 

7.18-7.4(m); 7.5-7.6(m)_^7.7(br); 
8.02(8); 8.15(8); 9.62(8); 9.66(8) 



40 



83-88° 




6 (ppm) 1.44(t); 3.28(bt); 3.46(br); 4.62(br); 

5.04(s); 6.9(br d); 7.02(d); 7.2-7.5(m); 
8.58(8) 



41 289-290* 



(CH, )2 N-Q- N^J- (dec.) 



6 (ppm) 3.05(8); 6.63(d); 7.1-7.25(m); 
8.57(8 + br 8) 
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42 



6 (ppm) 



N 




1.68(br s); 3.33 (br m); 6.94(d); 
7,02<t>; 7,1-7. 25(m); 8.56(s) 



285-290' 
(dec.) 



10 



15 



43 



6 (ppm) 





3.3(t); 3.88(t); 6.84(d); 7.01(t); 
7.1-7.3(m); 8.58(s) 



288-291° 
(dec.) 



20 



44 




171-174° 



6 (ppm) 2.44(s); 2.68(br s); 3.38(br s); 

6.81(d); 7.0(t); 7.1-7.3(in); 8.52(e) 



30 



EXAMPLE 45 



33 1 ,2-Pihydrch5-(4»hydroxyphenyO acid 



CH,0 




COOH 



so 1.2^ihydro-6K4-metrK>xypr^^ acid (2.35 g; 

see Example 38) is added to methanol previously saturated with hydrogen chloride at 0* . The mixture is 
brought to 00* and aged for eight hours, then cooled to room temperature and stored for 20 hours. The 
reaction solution is concentrated under vacuum. The residue is treated with water, adjusted to pH 6.5 with 
sodium hydroxide solution, and extracted with dichloromethane. The extracts are dried and concentrated to 

55 afford the methyl ester of title compound (0.930 g). 

Hydrolysis of the methyl ester In dilute aqueous sodium hydroxide containing methanol and acidification 
of the resulting solution affords the title compound, m.p. 270-272*. Structure assignment is confirmed by 
nmr spectroscopy. 
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nmr ((CDafcSO): « (ppm) 3.78(s); 6.66(d); 6.91 (pair d); 7.24(d); 8.22(s); 9.5(s) 

EXAMPLE 46 

6^4^2-0iethylamino)ethoxy]phenyH,2KJihydr^ acid 



10 



16 



20 




6-[4-[2-<Diethylamlno)e1hoxy]phenylh1 ^ihydro-2^xo-5K4Kph8nyimethoxy)phenya-3- 
pyrldinecarboxylic acid (see Example 40) is esterified using methanolic hydrogen chloride as described in 
Example 45. The crude product that Is isolated contains a mixture of methyl esters in which die benzyioxy 
25 group is partially cleaved. A portion of this mixture (0.175 g) is dissolved In a mixture of methanol (3 ml) 
and 2N hydrochloric acid (0.2 ml). The reaction solution is hydrogenated over 10% pailadlunvc harcoa l (0.05 
g) at 40 psi and room temperature for 2.5 hours. The reaction mixture is filtered and concentrated to a 
glass. Trituration with diethyl ether and filtration yields the methyl ester of the title compound as the 
hydrochloride salt 

30 Hydrolysis of the methyl ester in dilute aqueous sodium hydroxide containing methanol and acidification 
of the resulting solution affords the title compound, m.p. 182-185*. Structure assignment is confirmed by 
nmr spectroscopy. 

mr (CD3OD): h (ppm) 1 .3(br t); 2.9-3.5(br m); 4.3(br); 6.65(d); 6.8-7.0(br m); 8.22(8) 
35 EXAMPLE 47 



40 5^4-Ruoroprtenyl)t1,2<lihy^^ acid 



50 




A solution of 5-(4-f!uorophenyl)-1 t 2-dihydro-6-[4-(methylthlo)phenyl>2"Oxo-a-pyridlne carboxylic acid 
58 (i.o g; see Example 38) in methanol (50 ml) is saturated with hydrogen chloride and kept at 50 for 18 
hours,' then concentrated under vacuum. The residue is taken up in water, adjusted to pH 8, and extracted 
with dichloromethane. Concentration of the organic extracts affords the ester derivative methyl 5-(4- 
fluorophenylH *Klihydro^4^me%^ 
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10 



A solution of the ester derivative (0.074 g) in chloroform (2.0 ml) is treated with a 2.5-fdld molar excess 
of purified 3-chloroperoxybenzoic acid (0.086 g). After one hour at room temperature, the reaction solution 
is washed sequentially with 10% sodium bicarbonate solution and water, dried over sodium sulfate, filtered, 
and concentrated to afford the methyl ester of the title compound (0.072 g). 

Hydrolysis of the methyl ester in dilute aqueous sodium hydroxide containing methanol and acidification 
of the resulting solution affords the title compound, m.p. 320-321 * (dec). Structure assignment is confirmed 
by nmr spectroscopy. 

nmr(CDCI 3 + CDs OD): & (ppm) 3.1 2(s); 6.96-7.1 0(m); 7.3-7.45(m); 7.5(d); 7.92-8.05(d + m); 8.64<s) 



EXAMPLES 48-50 



15 Sulfinyl and N-oxide derivatives 

The compounds listed in Table IV are prepared by the method described in Example 47 except that 
one molar equivalent of 3-chloroperoxybenzoic acid is used for each mole of ester oxidized. Melting points 
20 (*C) are listed to the right of each structure. Nuclear magnetic resonance (nmr) data (obtained in CDCIj 
unless otherwise noted) are presented below the appropriate structure. 

TABLE IV 
O 



JL COOH 
HN^Y 



R» 

Example R 2 1* »-P- <* c > 



30 

,2 »3 



48 O V 292-293° 



5 (ppm) 2.79(s>; 6.90-7. 15(m); 7.48(d); 
7.70(d); 8.66(8) 



49 



O 305-310' 
(CH,) 2 N-0- F-O- (deC> 



50 



55 



6 (ppm) (CD 3 OD) 3.60(8); 7.02(br m); 

7.16(br); 7.5(br); 7.96(br d) 
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50 O >350< 

(CH 3 )2N-^^— H< 

6 (ppo) (CD 3 0D) 3.56(8); 6.70(m); 6.90(m); 
7.48<br); 7.92(br); 8.3(br) 




70 



EXAMPLE 51 



JS 



20 




w A solution of 6-[4-(dimethylamino)phenyl>1 ,2^ihydn>5K4^emoxyphenyl)-2-oxo-3-pyridinenitrile (0.690 
g, 2.0 mmole; see Example t5) In dimethylformamide (14 ml) is treated with cesium carbonate (0.715 g, ZZ 
mole) and methyl iodide (140 ill, Z2 mmole). After stirring for 1 hour at room temperature, the reaction 
mixture is concentrated and the residue Is partitioned between 1 M sodium dlhydrogen phosphate solution 
and chloroform. The organic layer is dried and concentrated to a soiid. This solid is boiled with dlethylether, 

,5 filtered, and washed with diethyl ether to afford 644^dimemylamlno)phenyl>l^lhydro-5H4^emoxypeh- 
nyi)-1-methyt-2-oxo-3-pyridinenitrile as a solid (0.505 g). 

The title compound (0.148 g), m.p. 277-281 * (dec.), is then prepared from the nitrite using the methods 
described In Examples 29 and 30, Structure assignment is confirmed by nmr spectroscopy. 

. .~nmr (CDCIa): « (ppm) 3.03(a); 3.58(s); 6.5-6.9<m); 6.98(d); 8.52(a) 



EXAMPLES 52-55 



1 -Substituted H4^D!methylamino)phenyfr^ acids 

The compounds listed in Table V are prepared by the method described in Example 51 (except for the 
hydrolysis step of Example 6) using 6^4-<dimemylamino)phenylh5^4-fluoro^ 
60 pyridlnenitrile, (see Example 16). Melting points (*C) are Bated to the right of each structure. Nuclear 
magnetic resonance (nmr) data (obtained In CDCb) are presented below the appropriate structure. 
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TABLE V 




20 



25 



30 



35 



40 



45 



50 
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m.P. CO 



3.44(8): 2.98(8); 6.58(d); 
6.7-7.2(m); 8.52(s) 



2.98(8); 3.66(d); 4.96(d); 
5.22(d); 5.9(m); 6.58(d); 
6.9-7.2(m); 8.54(s) 



0.2(br); 0.4(br d); 1.0- 
1.8(br m); 2.98(a); 4.1(d); 
6.6(d); 6.75-7.0(m); 8.50(b) 



2.95(b); 5.36(s); 6.5(d); 
6.72(d); 6.82-7.o(m); 
7.25(obscured m); 8.58(e) 



EXAMPLE 56 



187-192° 



193-195° 
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Antibacterial activity of representative 5-(aryl and heteroaryi)-6-(aryl and heteroarylH ,2-dihydro-2-oxo-3- 
pyridinecarboxylic acids — 

Table VI includes biological test results for representative compounds of this invention using the agar 
5 diffusion assay described above. The particular bacterial strains used are representative of organisms for 
which the compounds are useful as antibacterial agents. 



TO 
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Claims 

1. The use of a compound having the formula: 



10 




wherein RHs: 

a) hydrogen; . , 

b) Ci-C« aii<yl; " 
20 c) Ci-C* haloalkyl; 

d) Ca-Cc alkenyl; 

e) CU-Cu (cycloaJkyl)alkyi; or 

f) C7*Ci4 araikyl; 

R 2 and R 3 are independently: 
25 a) aryl having 6, 10, or 14 nuclear ring carbon atoms or said aryi substituted with one or more substituents 

selected from the group consisting of: 

i) halogen: 

il) hydroxy: 

iii)Ci-C« aflcyl; 
30 iv) Ci-Cc altoxy; 

v) 



35 




wherein R 5 is Ci-Ce alkyl. and wherein j is 0. 1, or 2: 

vi) 




or a pharmaceutical^ acceptable acid addition salt thereof, wherein R* and R 7 is Ci-Cc alkyl. and wherein k 

isOorl; 

vfi) 

— N V 

\ / 
(CHa)n 

or a pharmaceutically acceptable acid addition salt thereof, wherein V is CH 2 . O, S. SO, SO3, or NR 8 
wherein R a is hydrogen or Ci-Cs alkyl, and wherein m and n are independently integers of from 1 to 3: 
vfii) -O(CH 2 )pNR 9 R !0 t or a pharmaceutically acceptable acid addition salt thereof, wherein R' and R 10 are 
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independently Ci-C* alky I or taken together are Ca-C« alkylene, and wherein p is an integer of from 1 to 6; 
and 

ix) -Y-Ar 1 , wherein Y is absent or is CH*. 0, -OCHfe-, or S. and wherein Ar 1 is aryl having 6. 10 or 14 nuclear 
ring carbon atoms or is heteroaryl having 5 or 0 nuclear ring atoms of which at least one nuclear ring atom 
5 is O, S, or N; or 

b) heteroaryl having 5 or 6 nuclear ring atoms of which at (east one nuclear ring atom is 0, S, or N, or said 
heteroaryl substituted with one or more substituents selected from the group consisting of: 

i) halogen; 

ii) hydroxy; 

io lii) Ct-C« alkyl; 
iv) Ci-C« alkoxy; 
v) 

(0) r 

-84". 



25 



30 



35 



wherein R u Is Ci-Cs alkyl, and wharein-r-is 0, 1v or 2; - 
vl) 

(0) fi 

or a pharmaceutical^ acceptable acid addition salt thereof, wherein R 12 and R t3 are independently 
hydrogen or Ci -Cs alkyl. and wherein s is 0 or 1 ; 

vii) 

-\ r 

or a pharmaceutical^ acceptable acid addition salt thereof, wherein W is CH 2 , O. S, SO, SO2. or NR 14 , 
wherein R 1 * is hydrogen or Ci-C« alkyl, and wherein t and u are independently integers of from 1 to 3; and 
viii) -Z-Ar* wherein 2 is absent or is CH 2l 0. -OCrV, or S. and wherein Ar 2 is aryl having 6, 10. or 14 
nuclear ring carbon atoms or is heteroaryl having 5 or 6 nuclear ring atoms of which at least one nuclear 
ring atom is 0, S. or N; and 
R* is: 

a) hydrogen; 

b) Ci-C« alkyl; 

c) a pharmaceutical^ acceptable cation; or 

d) a prodrug ester group; 

for the preparation of a medicament useful for treating bacterial infections. 

2. The use according to Claim 1 wherein R 4 is hydrogen. 

3. The use according to Claim 1 wherein the compound has the formula: 



50 
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COOH 
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wherein R 2 and R 3 are Independently: 

a) aryl having 6, 10, or 14 nuclear ring carbon atoms or said aryl substituted with one or more 
substituents selected from the group consisting of: 
i) halogen; 
5 li) hydroxy; 

iii) Ci-C* alkyl; 

iv) 0-C s alkoxy; 
v) 



?0 




wherein R 5 is Ci-Ce alkyl, and wherein j is 0, 1, or 2; 
vi) 

(o> k 

30 -HR 6 * 7 , 

or a pharmaceutical^ acceptable acid addition salt thereof, wherein R* and R 7 are independently hydrogen 
or Ct -C« alkyl, and wherein k is 0 or 1 ; 
25 vfi) 

— N V 

30 VHaC 



or a pharmaceutical^ acceptable acid addition salt thereof, wherein V is CH 2 , O, S. SO. SO2, or NR 1 , 
wherein R a is hydrogen or Ci-Cs alkyl, and wherein m and n are independently integers of from 1 to 3; 
35 viii) -0(CH 2 )pNR 9 R 10 . or a pharmaceutical^ acceptable acid addition salt thereof, wherein R 9 and R 10 are 
independently Ci-C« alkyl or taken together are C 2 -C« aikylene. and wherein p is an integer of from 1 to 6: 
and 

ix) -Y-Ar\ wherein Y is absent or is Chfe, O. -OCH2-. or S. and wherein Ar 1 is aryl having 6. 10 or 14 nuclear 
ring carbon atoms or is heteroaryl having 5 or 6 nuclear ring atoms of which at least one nuclear ring atom 
40 is O, S, or N; or 

b) heteroaryl having 5 or 6 nuclear ring atoms of which at least one nuclear ring atom is O. S. or N, 
or said heteroaryl substituted with one or more substituents selected from the group consisting of: 

i) halogen; 

ii) hydroxy; 

45 Hi) Ct-Ge alkyl; 
iv) Ct-C* alkoxy; 
v) 



50 



(0> r 
It *ii 



wherein R v is Ci-Cs alkyl. and wherein r is 0, 1, or 2; 

vi) 
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<S> 8 



or a pharmaceutically acceptable acid addition salt thereof, wherein R 12 and R 13 are independently 

hydrogen or Ci-Cs aikyl, and wherein s is O.or 1; 

vli) 

70 
75 

or a pharmaceutically acceptable acid addition salt thereof, wherein W is CHz, 0, S, SO, SO2, or NR U , 
wherein R 1 * is hydrogen or Ci-C* aikyl, and wherein t and u are independently integers of from 1 to 3; 
- -viliy^Z-Arf^wherein-Z is absent or is CH2, 0. -OCHa-, or S, and - wherein Ar 2 is ary! Iwing^eriO, or-i4- 
nuclear ring carbon atoms or is heteroaryl having 5 or 6 nuclear ring atoms of which at least one nuclear 
20 ring atom Is O, S, or N. 

4. The use according to Claim 3 wherein tho compound has the formula: 



25 



30 




eooH 



wherein R 2 is: 

35 a) phenyl substituted with one or more substituents selected from the group consisting of: 
i) halogen; 
li) hydroxy; 
Hi) Ci-Ce aikyl: 
iv) Ci-Ce alkoxy; 
-40 v) — 




45 

wherein R 9 is Ci-C* aikyl, and wherein j is 0, 1 , or 2; 
vi) 



50 




55 or a pharmaceutically acceptable acid addition salt thereof, wherein R* and R 7 are independently Ci-Ce 
aikyl, and wherein k is 0 or 1; 
vil) 
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— N V 

W 

5 

or a pharmaceutical^ acceptable acid addition salt thereof, wherein V is CH 2 0. or NR« wherein R« is Ci- 
Ccalkyi; 

viii) -OCHaCHaNR^R 10 , or a pharmaceutical^ acceptable acid addition salt thereof, wherein R' and R 10 are 
independently Ci-Cg aikyl; and 
yfl ix) -Y-Ar\ wherein Y is absent or is CH 2 . -OCH 2 -, or S. and wherein Ar 1 is phenyl or pyridinyl; or 
b) thienyl substituted with thienyl; and 
R3is: 

a) phenyl substituted with one or more substituents selected from the group consisting of: 
i) halogen; 

1S ii) hydroxy; 

iii) Ci-Ce alkoxy; and 

iv) benzyloxy; or 

b) pyridinyl. 

20 5. The use according to Claim 4 wherein the compound has the formula: 

.COOH 



so wherein R 2 is: 

a) phenyl substituted with one or more substituents selected from the group consisting of: 

i) fluorine; 

ii) methoxy; 
iii) 

35 

-H-CH3, 

40 wherein j is 0. 1. or 2; 
iv) 



4(CH 3 ) 2 . 



or a pharmaceutically acceptable add addition salt thereof, wherein k is 0 or 1; 
v) 

r\ 

— N V 



55 or a pharmaceutically acceptable acid addition salt thereof, wherein V is CH 2 . 0. or NCH a ; 

vi) -OCH 2 CH 2 N(CH 2 CH3)2, or a pharmaceutically acceptable add addition salt thereof, and 

vii) pyridinytthio; or 

b) thienyl substituted with thienyl; and 

38 
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a) phenyl substituted with one or more substftuents selected from the group consisting of: 
I) fluorine 

ii) hydroxy; 
s Hi) methoxy; and 
iv) benzyloxy; or 

b) pyrldlnyl. 

6. The use according to Claim 1 wherein the compound has the formula: 




wherein R 1 is: 
20 a) Ct-Ce aibyl; 

b) Ci-C* haloalkyl; 

c) Ca-Cs alkenyl; 

d) C*-Cn (cycloalkyl)alkyl; or 

e) Ct-Cio arafeyl; 

25 R 2 and R 3 are independently: 

a) aryl having 6, 10, or 14 nuclear ring carbon atoms or said aryl substituted with one or more 
substituents selected from the group consisting of: 

i) halogen; 

ii) hydroxy; 

30 Hi) Ci-Cs alkyl; 
iv) Ci-Ce alkoxy; 
v) 



35 




wherein R s is Ci-C* alkyl. and wherein j Is 0, 1 , or 2; 

40 Vi) 

t 

or a pharmaceutlcally acceptable acid addition salt thereof, wherein R 6 and R' are independently hydrogen 
or Ct-Cs alkyl, and wherein k is 0 or 1: 
so v »> 

55 

or a pharmaceutical^ acceptable acid addition salt thereof, wherein V is CH 2 , 0, S. SO. SO2, or NR°. 
wherein R 8 is hydrogen or Ci-Cs aJkyl. and wherein m and n are Independently integers of from 1 to 3; 
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viii) -0(CH 2 )pNR 9 R !0 . or a pharmaceutically acceptable acid addition salt thereof, wherein R 9 and R 10 are 
independently Ci -Cc alkyt or taken together are C 2 -C« alkylene, and wherein p is an integer of from 1 to 6; 
and 

ix) -Y-Ar\ wherein Y is absent or is CH 2 . 0, -OCH 2 -. or S, and wherein Ar 1 is aryl having 8, 10 or 14 nuclear 
s ring carbon atoms or Is heteroaryl having 5 or 6 nuclear ring atoms of which at least one nuclear ring atom 

is O, S, or N; or 

b) heteroaryl having 5 or 6 nuclear ring atoms of which at least one nuclear nng atom is O, 5, or N, 
or said heteroaryl substituted with one or more substituenta selected from the group consisting of: 
i) halogen; 
ro ii) hydroxy; 

iii) Ct-Cc alky!; 

iv) C*-C« aikoxy; 
v) 



is 



<°>r 



20 



wherein R 11 is Ci-Ce alkyl, and wherein r is 0. 1. or Z 
vi) 

or a pharmaceutically acceptable acid addition salt thereof, wherein R ,s and R" are independently 
hydrogen or C»-Cs alkyl. and wherein 8 is 0 or 1; 

30 v»j ' " 

— N W 

W 

or a pharmaceutically acceptable acid addition salt thereof, wherein W is CM*. 0, S, SO. SO* or NR t4 , 
wherein R 1 * is hydrogen or C1 -Ce alkyl. and wherein t and u are independently integers of from 1 to 3; and 
40 viii) -Z-Ar*. wherein 2 is absent or is CHa. O. -OCrV. or S, and wherein Ar* is aryl having 8. 10. or 14 
nuclear ring carbon atoms or is heteroaryl" having 5 or 8 nuclear ring atoms of which at least one nuclear 
ring atom is 0, S, or N. 

7. The use according to Claim 8 wherein the compound has the formula: 
46 O 

RV JL xooh 



so f? 4 



wherein R 1 is: 
55 a) Ci-C« alkyl; 

b) aliyl; 

c) cyclopropylmethyl; or 

d) benzyl; 
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R 2 is phenyl substituted with dtmetfiylamino or a pharmaceutical ly acceptable acid addition salt thereof; and 
•R» Is phenyl substituted with halogen or hydroxy. 

8. A pharmaceutical composition useful for the treatment of bacterial infections comprising a phar- 
maceutically acceptable amount of at least one compound having the formula: 

5 O 



10 




together with one or more pharmaceutical^ acceptable carriers; 
18 wherein R 1 is: 

a) hydrogen; 

b) Ci«C$ alkyl: . — . 

c) Ci*Ci haloalkyl; 

d) Ca-Cs aikenyl; 

20 e) C4-C1 1 (cycloalkyl)alkyl; or 
f) Cj-Cu aralkyl; 
R 2 and R 3 are independently: 

a) aryl having 8, 10, or 14 nuclear ring carbon atoms or said aryl substituted with one or more substituents 
selected from the group consisting of: 
28 J) halogen; 
li) hydroxy; 
lii) Ci-Cs alky I; 
iv) Ci-C* aikoxy; 
v) 




wherein R* is Ci-Gj alkyl, and wherein j is 0, 1. or 2; 
vl) 



40 




48 



SO 



or a pharmaceutical^ acceptable acid addition salt thereof, wherein R 6 and R 7 is Ct-Cs alky I. and wherein k 

is 0 or 1; 

vli) 

0 * 



or a pharmaceutical^ acceptable acid addition salt thereof, wherein V is CH 2 . O, S. SO. SOa. or NR°, 
55 wherein R° is hydrogen or Ci-C« alkyl, and wherein m and n are independently integers of from 1 to 3; 
viii) -0(CH2) r> NR 9 R 10 . or a pharmaceuticaily acceptable acid addition salt thereof, wherein R 9 and R'° are 
independently Ci-C* alkyl or taken together are Ca-Cs aikylene, and wherein p is an integer of from 1 to 6; 
and 
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ix) -Y-Ar ! , wherein Y is absent or is Chfe, O. -OCrV. or S, and wherein Ar 1 is aryl having 6, 10 or 14 nuclear 
ring carbon atoms or is heteroaryl hving 5 or 8 nuclear ring atoms of which at least one nuclear ring atom is 
0, S. orN;or 

b) heteroaryl having 5 or 6 nuclear ring atoms of which at least one nuclear ring atom is O. S, or N, or said 
5 heteroaryl substituted with one or more substituents selected from the group consisting of: 

i) halogen; 

ii) hydroxy; 

Hi) Ci-Ce alky I; 
iv)Ci-C* alkoxy. 
10 v) 

15 

wherein FT is Ci -Cc alkyt, and wherein r is 0. 1 . or 2; 

vi) .„ .„ 

t 

25 or a pharmaceutical^ acceptable acid addition salt thereof, wherein FV 2 and R 13 are independently 
hydrogen or Ci -Cc aJkyl. and wherein s is 0 or 1; 
vR) 

- 



35 or a pharmaceutically acceptable acid addition salt thereof, wherein W is Chfc. 0. S, SO. SO2. or NR'\ 
wherein R 14 is hydrogen or Ci-C« alkyl. and wherein t and u are independently integers of from 1 to 3; and 
viii) -Z-Ar 2 , wherein 2 is absent or is CH 2 . 0. -OCH 2 -. or S. and wherein Ar 2 is aryl having 6. 10. or 14 
nuclear ring carbon atoms or is heteroaryl having to or 6 nuclear ring atoms of which at least one nuclear 
ring atom is O, S. or N;and 

40 R 4 is: 

a) hydrogen: 

b) Ct-Ce alkyl; 

c) a pharmaceutical^ acceptable cation; or 

d) a prodrug ester group. 

45 

9. A pharmaceutical composition according to Claim 8 wherein said compound is selected from the 
group consisting of: 

6-[4-{dimethylamino)pheny1]-1 £^ihydK>-5-(4-methoxyphenyl^ acid; 

6-[4-(cGmethylamino)phenyl]-1 £Kiihydro-5^4^ydroxypheriy1)^^ add; 
so 5-(4-fluorophenylH ^<lihydro^4^ethoxyphenyl)-2K)xo-3iJyridinecarboxylic acid; 

6-[4-(dimethylamino)phenyl]-5-{4-fluorophenyl)-1 ,2-dihydro-2-oxo-3-pyridinecarboxylic acid; 

6-[4^<flmethylamino)-3-fl^ aci* 

6-[4-{dimethylaminoh2-fluorophen^^ acid; 

5-{4-fluorophenylH ^<iihydro-8-[4-{methyimio)phenyl>2K)xo-3iDyridinecarboxyUc acid: 
55 1 ;Mihydro-5K44iydroxyphenyl)-2s^ acid: 

1 z^/tito^A^*^^ acid: 

1 £Kjihydro-5^44iydroxyphenyl)-2K)xo^[^ acid; 

6^4-[2-(diethylamino)ethoxyl^eny^^ 
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acid; 

6-[4-<dimethy lamino)phenyl]-1 ,2-dihydro-2-oxo-5-(4-pyridinyl)-3-pyridinecarboxyllc acid; 
5-<4-fluorophenylH ,2^ihydro-2^xo^(4-piperidinophenyth^ acid; 
5-<4-fluorophenylH £<jihydro^(4^orpholinophenyi)-2^xo^ add; 
5 5-<4-f luoropheny £-dihydro^-[4-(4-methyM -piperazlnyl)phenylh2-oxo-3-pyridinecarbO)(y lie add; 
1 .2KJihydro-5^44iydroxyphenyl)^4^e^ add: 
6^4-[2Kdiethylamino)sthoxy]phenylh1,2^hy^ acid; 
5-<4-fluoropheny IM ^-dihydro-6 Wmethylsulfonyl)phenylh2-oxo-^ add; 

5- <4-fiuorophenylH .2^ihydro^4-(memylsulfiny0phenyl]^ add; 

to 6^4-(dimethylamino)phenyl}-5-{4-Rw^ add N-oxkte; 

6^dimethylamino)phenylJ-1^ihydro-5^4^ydroxyphenylh2^xo^ ac3 N-oxide; 

6- {4-<dim0thylamlno)phonylJ-1 ^ihydro-5^44iydroxyphenylH-meth^^^ add; 
6-{4-(dimethylamino)phenylh5-(4-fluorophenyl)-1 ^-dihydro-1 -methyl-2-oxo-3-pyridlnecarboxylic add; 
644-(dimethylamino)phenylh5-(4-fliiorophenyl)-1 ,2-dihydro-2-oxo-1 -(2-prop8nyl)-3-pyridlnecarboxy He add; 

is 1 -{cyclopropy lmethyl)^4Hdimethylamino)phenylh5^4-fluorophenyl)-1 ,2-dihydro-2-oxo-3-pyridinecaiboxylic 
add; and 

644^dimethylamino)phenylh5-(^ 

add. _ 

10. The use of "a pharmaceuticaJ composition of Claim 9 for the preparation of a medicament useful for 

20 treating bacterial infections. 
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